Inorganic pyrophosphatase from bovine retinal rod outer segments.
Rod outer segments from bovine retina contain a higher level of intracellular inorganic pyrophosphatase (EC 3.6.1.1) activity than has been found in any other mammalian tissue; the specific activity in extracts of soluble outer segment proteins is more than 6-fold higher than in extracts from bovine liver and more than 24-fold higher than in skeletal muscle extracts. This high activity may be necessary to keep inorganic pyrophosphate concentrations low in the face of the high rates of pyrophosphate production that accompany the cGMP flux driving phototransduction. We have begun to explore the role of inorganic pyrophosphatase in photoreceptor cGMP metabolism by 1) studying the kinetic properties of this enzyme and its interactions with divalent metal ions and anionic inhibitors, 2) purifying it and studying its size and subunit composition, and 3) examining the effects of pyrophosphate on rod outer segment guanylyl cyclase. Km for magnesium pyrophosphate was 0.9-1.5 microM, and the purified enzyme hydrolyzed > 885 mumol of PPi min-1 mg-1. The enzyme appears to be a homodimer of 36-kilodalton subunits when analyzed by gel electrophoresis and density gradient centrifugation, implying that kcat = 10(3) s-1, and kcat/Km = 0.7-1 x 10(9) M-1 s-1. The enzyme was inhibited by Ca2+ at submicromolar levels: 28% inhibition was observed at 138 nM [Ca2+], and 53% inhibition at 700 nM [Ca2+]. Imidodiphosphate acted as a competitive inhibitor, with Ki = 1.2 microM, and fluoride inhibited half-maximally approximately 20 microM. Inhibition studies on rod outer segment guanylyl cyclase confirmed previous reports that pyrophosphate inhibits guanylyl cyclase, suggesting an essential role for inorganic pyrophosphatase in maintaining cGMP metabolism.